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IMIDAZOI1,2-A]PYRIDINE AND PYRAZOLOI[2,3-A]PYRIDINE DERIVATIVES

The invention relates to pyrimidine derivatives, or pharmaceutically acceptable salts or
in vivo hydrolysable esters thereof, which possess cell-cycle inhibitory activity and are
accordingly useful for their anti-cell-proliferation (such as anti-cancer) activity and are
therefore useful in methods of treatment of the human or animal body. The invention also
relates to processes for the manufacture of said pyrimidine dernivatives, to pharmaceutical
compositions containing them and to their use in the manufacture of medicaments of use in
the production of an anti-cell-proliferation effect in a warm-blooded animal such as man.

A family of intracellular proteins called cyclins play a central role in the cell cycle. The
synthesis and degradation of cyclins 1s tightly controlled such that their level of expression

fluctuates during the cell cycle. Cyclins bind to cyclin-dependent serine/threonine kinases

(CDKs) and this association is essential for CDK (such as:CDK1, CDK2, CDK4 and/or

CDK®6) activity within the cell. Although the precise detaﬁs of how each of these factors
combine to regulate-CDK activity is poorly understood, the balance between the two dictates
whether or not the cell will progress through the cell cycle.

The recent convergence of oncogene and tumour suppressor gene research has
identified regulation of entry into the cell cycle as a key control point of mitogenesis 1n
tumours. Moreover, CDKSs appear to be downstream of a number of oncogene signalling
pathwéys. Disregulation of CDK activity by upregulation of cyclins and/or deletion of
endogenous inhibitors appears to be an important axis between mitogenic signalling pathways
and proliferation of tumour cells.

Accordingly it has been recognised that an inhibitor of cell cycle kinases, particularly
inhibitors of CDK2, CDK4 and/or CDK6 (which operate at the S-phase, G1-S and G1-S phase
respectively) should be of value as a selective inhibitor of cell proliferation, such as growth of
mammalién cancer cells.

"The present invention is based on the discovery that certain pyrimidine compounds
surprisingly inhibit the effects of cell cycle kinases showingiéeleéiivity for CDK2, CDK4 and
CDKaS6, and thus possess anti-cell-proliferation properties. Such properties are expected to be
of value in the treatment of disease states associated with aberrant cell cycles and cell
proliferation such as cancers (solid tumours and leukemias), fibroproliferative and

differentiative disorders , psonasis, rheumatoid arthritis, Kaposi’s sarcoma, haemangioma,
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acute and chronic nephropathies, atheroma, atherosclerosis, arterial restenosis, autoimmune
diseases, acute and chronic inflammation, bone diseases and ocular diseases with retinal

vessel proliferation.

- Accordingly, the present invention provides a compound of formula (I):

H
N N
n _ N
(R%),
(R%);;
(D

wherein: .

Ring A is imidazo[1,2a]pyrd-3-yl or pyrazolo[2,31§1]pyrid-3-yl;

R” is attached to a ring carbon and is selected front halo, nitro, cyano, hydroxy,
trifluoromethyl, trifluoromethoxy, amino, carboxy, carbamoyl, mercapto, sulphamoyl,
Csalkyl, C,alkenyl, Coalkynyl, C,.¢alkoxy, Ci-salkanoyl, C;.salkanoyloxy,
N-(C,alkyl)amino, N,N-(C,alkyl);amino, Cysalkanoylamino, N-(C,_salkyl)carbamoyl,
N,N-(C.salkyl),carbamoyl, C,-salkylS(O), wherein a is 0 to 2, C,salkoxycarbonyl,
N-(C,¢alkyl)sulphamoyl, N,N-(C,.salkyl);sulphamoyl, phenyl, heterocyclic group, phenylthio
or (heterocyclic group)thio; wherein any C,salkyl, C,4alkenyl, C,alkynyl, phenyl or
heterocyclic group may be optionally substituted on carbon by one or more G; and wherein 1f
said heterocyclic group contains an -NH- moiety that nitrogen may be 0ptionally substituted
by a group selected from Q;

. m is 0-5; wherein the values of R* may be the same or different;

R! is halo, nitro, cyano, hydroxy, trifluoromethyl, triﬂuoromethoxy, amino, carboxy,
carbamoyl, mercapto, sulphamoyl, C;.3alkyl, Czsalkenyl, C;.3alkynyl, C.;alkoxy,
C,.zalkanoyl, N-(C,;.3alkyl)amino, N,N-(C,.;alkyl);amino, C,.alkanoylamino,

N-(C; salkyl)carbamoyl, N,N-(Cyzalkyl),carbamoyl, Cy.3alkylS(O)a wherein a is 0 to 2,
N-(C.zalkyl)sulphamoyl or N,N-(C, alkyl);sulphamoyl; wherein any Ci.;alkyl, Cy_salkyl,
C,.salkenyl or C.3alkynyl may be optionally substituted on carbon by one or more J;

n is 0 to 2, wherein the values of R' may be the same or different;

Ring B is phenyl or phenyl fused to a Cscycloalkyl ring;
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R’ is halo, nitro, cyano, hydroxy, amino, carboxy, carbamoyl, mercapto, sulphamoyl,
C,.¢alkenyl or C;¢alkynyl;

p is 0-4; wherein the values of R’ may be the same or different;

R* is a group A-E-; wherein

A is selected from C,galkyl, phenyl, a heterocyclic group, Cj.gcycloalkyl,
phenylC,salkyl, (heterocyclic group)Ci.salkyl or Cs.scycloalkylC,.scycloalkyl; which
C,.salkyl, phenyl, a heterocyclic group, Cs.gcycloalkyl, phenylC, salkyl,

(heterocyclic group)Ci.salkyl or Cs.gcycloalkylCiscycloalkyl may be optionally substituted on
carbon by one or more D; and wherein if said heterocyclic group contains an -NH- moiety that
nitrogen may be optionally substituted by a group selected from R;

E is a direct bond or -O-, -C(Q)-, -OC(0)-, -C(0)O-, -N(R*)C(0)-, -C(O)N(R")-,
N(R?)-, -S(0),-, -SO2N(R")- or -N(R")SO,-; wherein R? is hydrogen or C,_galkyl optionally
substituted by one or more D and r 1s 0-2;

D is independently selected from oxo, halo, nitro, :éyano, hydroxy, tnfluoromethyl,
trifluoromethoxy,amino, carboxy, carbamoyl, mercapto, sulphamoyl, C,salkyl, C;.salkenyl,
C,¢alkynyl, C,.salkoxy, Ci.salkanoyl, C;salkanoyloxy, N-(C;salkyl)amino,
N,N-(C,alkyl);amino, C,salkanoylamino, N-(C,¢alkyl)carbamoyl,
N,N-(C,alkyl),carbamoyl, C,6alkylS(O). wherein a 1s 0 to 2, Ci-¢alkoxycarbonyl,
C.alkoxycarbonylamino, benzyloxycarbonylamino, N-(C,_alkyl)sulphamoyl and
N, N-(C,alkyl);sulphamoyl; wherein any C;salkyl, C;salkenyl, C;salkynyl or phenyl may be
optionally substituted on carbon by one or more K;

q is 0-2; wherein the values of R* maybe the same or different; and whereinp + q < 5;

G, J and K are independently selected from halo, nitro, cyano, hydroxy,

trifluoromethoxy, trifluoromethyl, amino, carboxy, carbamoyl, mercapto, sulphamoyl, methyl,

ethyl, methoxy, ethoxy, acetyl, acetoxy, methylamino, ethylamino, dimethylamino,

diethylamino, N-methyl-N-ethylamino, acetylamino, N-methylcarbamoyl, N-ethylcarbamoyl,
N,N-dimethylcarbamoyl, N, N-diethylcarbamoyl, N-methyl-N-ethylcarbamoyl, methylthio,
ethylthio, methylsulphinyl, ethylsulphinyl, mesyl, ethylsulpl{onyf,umethoxycarbonyl,
ethoxycarbonyl, N-methylsulphamoyl, N-ethylsulphamoyl, N, N-dimethylsulphamoyl,

N, N-diethylsulphamoyl or N-methyl-N-ethylsulphamoyl; and
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Q and R are independently selected from Ci4alkyl, C;salkanoyl, Ci4alkylsulphonyl,
C,4alkoxycarbonyl, carbamoyl, N-(C,4alkyl)carbamoyl, N,N-(Cy4alkyl)carbamoyl, benzyl,
benzyloxycarbonyl, benzoyl and phenylsulphonyl;
or a pharmaceutically acceptable salt or an in vivo hjdrolysable ester thereof.

For the avoidance of doubt, the phrase “wherein any C,.¢alkyl 1s optionally
substituted” and other such phrases also includes the possibility of optional substitution on
other groups that contain a C,.galkyl group, for example a C,_salkoxy, C;.¢alkanoyl,
C,alkanoyloxy, N-(C,salkyl)amino, N,N-(C,salkyl),amino, C,.salkanoylamino,
N-(C,.salkyl)carbamoyl, N,N-(C,.alkyl),carbamoyl, C,-salkylS(O), wherein a1s 0 to 2,
C.salkoxycarbonyl, C;.galkoxycarbonylamino, N-(C,.salkyl)sulphamoyl or a
N,N-(C,.salkyl),sulphamoyl.

In this specification the term “alkyl” includes both straight and branched chain alkyl _
groups but references to individual alkyl groups such as “propyl” are specific for the straight
chain version only. For example, “C;alkyl” includes Cljéﬂcyl, Cialkyl, Ci.palkyl, propyl,
isopropyl and ¢-butyl. However, references to individual alkyl groups such as “propyl’ are
specific for the straight chained version only and references to individual branched chain alkyl
groups such as ‘isopropyl’ are specific for the branched chain version only. A similar
convention applies to other radicals, for example “phenylC;alkyl” includes phenylC,4alkyl,
benzyl, 1-phenylethyl and 2-phenylethyl. The term “halo” refers to fluoro, chloro, bromo and
10do.

Where optional substituents are chosen from “one or more” groups it 1s to be
understood that this definition includes all substituents being chosen from one of the specified
groups or the substituents being chosen from two or more of the specified groups.

‘ A “heterocyclic grdup” is a saturated, partially samréted or unsaturated, mono or
bicyclic ring containing 4-12 atoms of which at least one atom is chosen from nitrogen,
sulphur or oxygen, which may, unless otherwise specified, be carbon or nitrogen linked,
wherein a -CH,- group can optionally be replaced by a -C(O)-, a ring nitrogen atom may
optionaliy bear a C;salkyl group and form a quaternary compound or a ring nitrogen and/or
sulphur atom may be optionally oxidised to form the N-oxide and or the S-oxides. Examples
and suitable values of the term “heterocyclic group” are morpholino, piperidyl, pyridyl,
pyranyl, pyrrolyl, isothiazolyl, indolyl, quinolyl, thienyl, 1,3-benzodioxolyl, thiadiazolyl,
piperazinyl, thiazolidinyl, pyrrolidinyl, thiomorpholino, pyrrolinyl, homopiperazinyl,
3,5-dioxapiperidinyl, .tetrahydropyranyl, imidazolyl, pyrimidyl, pyrazinyl, pyridazinyl,
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i1soxazolyl, N-methylpyrrolyl, 4-pyridone, 1-isoquinolone, 2-pyrrolidone, 4-thiazolidone,
pyridine-N-oxide and quinoline-N-oxide. Preferably a “heterocyclic group™ 1s a saturated,
partially saturated or unsaturated, mono or bicyclic ring containing 5 or 6 atoms of which at
least one atom is chosen from nitrogen, sulphur or oxygen, which may, unless otherwise
specified, be carbon or nitrogen linked, wherein a -CH,- group can optionally be replaced by a
-C(0)-, a ring nitrogen atom may optionally bear a C;_galkyl group and form a quaternary
compound or a ring nitrogen and/or sulphur atom may be optionally oxidised to form the
N-oxide and or the S-oxides.

A suitable value for phenyl fused to a Cs.;cycloalkyl ring is indanyl or tetralinyl.

An example of “C,alkanoyloxy” 1s acetoxy. Examples of “C,.galkoxycarbonyl™
include C, jalkoxycarbonyl, methoxycarbonyl, ethoxycarbonyl, n- and #-butoxycarbonyl.
Examples of “C,¢alkoxy” include C,.jalkoxy, methoxy, ethoxy and propoxy. Examples of
“Cisalkanoylamino’ include C,.zalkanoylamino, formamido, acetamido and propionylamino.
Examples of “C,.6alkylS(O), wherein a is 0 to 2” include :631_4alkylsulphonyl, C,-3alkylS(O),,
methylthio, ethylt.hio, methylsulphinyl, ethylsulphinyl, mesyl and ethylsulphonyl. Examples of
“Cisalkanoyl” include C,4alkanoyl, C;.;alkanoyl, propionyl and acetyl. Examples of
“N-Cy_salkylamino” include N-(C;.salkyl)amino, methylamino and ethylamino. Examples of
“N,N-(C,salkyl);amino” include N, N-(C;.,alkyl),amino, di-N-methylamino,
di-(N-éthyl)amino and N-ethyl-N-methylamino. Examples of “C;galkenyl” are C;.3alkenyl,
vinyl, allyl and 1-propenyl. Examples of “C,¢alkynyl” are C,.3alkynyl, ethynyl, 1-propynyl
and 2-propynyl. Examples of “N-(C;alkyl)sulphamoyl” are N-(C,.3alkyl)sulphamoyl,
N-(methyl)sulphamoyl and N-(ethyl)sulphamoyl. Examples of “N-(Cl_ﬁélkyl)zsulphamoy ” are
N.N-(C,.;alkyl),sulphamoyl, N,N-(dimethyl)sulphamoyl and N-(methyl)-N-(ethyl)sulphamoyl.
Examples of “N-(C,salkyl)carbamoyl” are N-(C,4alkyl)carbamoyl, N-(C,.3alkyl)carbamoyl,
methylaminocarbonyl and ethylaminocarbonyl. Examples of “N,N-(C,salkyl);carbamoyl” are
N, N-(C,4alkyl)carbamoyl, N,N-(C,.;alkyl);carbamoyl, dimethylaminocarbonyl and
methylethylaminocarbonyl. Examples of “Cs.;cycloalkyl ring” are cyclopropyl and cyclohexyl.
Examples of “(heterocyclic group)C,.salkyl” include pyridy]}hetli&l, 3-morpholinopropyl and
2-pyrimid-2-ylethyl. Examples of “(heterocyclic group)thio” include thienylthio and
pyridylthio. Examples of “Cs_gcycloalkyl” include cyclopropyl and cyclohexyl. Examples of
“Cs.gcycloalkylC,scycloalkyl” include cyclopropylmethyl and 2-cyclohexylpropyl. Examples

of “C,¢alkoxycarbonylamino” include methoxycarbonylamino and #-butoxycarbonylamino.
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A suitable pharmaceutically acceptable salt of a compound of the invention is, for
example, an acid-addition salt of a compound of the invention which is sufficiently basic, for
example, an acid-addition salt with, for example, an inorganic or organic acid, for example
hydrochloric, hydrobromic, sulphuric, phosphoric, trifluoroacetic, citric or maleic acid. In
addition a suitable pharmaceutically acceptable salt of a compound of the invention which is
sufficiently acidic is an alkali metal salt, for example a sodium or potassium salt, an alkaline
earth metal salt, for example a calcium or magnesium salt, an ammonium salt or a salt with an
organic base which affords a physiologically-acceptable cation, for example a salt with
methylamine, dimethylamine, trimethylamine, piperidine, morpholine or
tris-(2-hydroxyethyl)amine.

The compounds of the formula (I) may be administered in the form of a pro-drug
which is broken down in the human or animal body to give a compound of the formula (1).
Examples of pro-drugs include in vivo hydrolysable esters-:-of a compound of the formula (I).

An in vivo hydrolysable ester of a compound of thg formula (I) containing carboxy or
hydroxy group is, for example, a pharmaceutically acceptable ester which is hydrolysed in the
human or animal body to produce the parent acid or alcohol. Suitable pharmaceutically
acceptable esters for carboxy include C,.galkoxymethyl esters for example methoxymethyl,
C,salkanoyloxymethyl esters for example pivaloyloxymethyl, phthalidyl esters,
C;_gcycloalkoxycarbonyloxyC,_¢alkyl esters for example 1-cyclohexylcarbonyloxyethyl;
1,3-dioxolen-2-onylmethyl esters for example 5-methyl-1,3-dioxolen-2-onylmethyl; and
Ci.salkoxycarbonyloxyethyl esters for example 1-methoxycarbonyloxyethyl and may be
formed at any carboxy group in the compounds of this invention.

An in vivo hydrolysable ester of a compound of the formula (I) containing a hydroxy

group includes inorganic esters such as phosphate esters and a-acyloxyalkyl ethers and related

compounds which as a result of the in vivo hydrolysis of the ester breakdown to give the

parent hydroxy group. Examples of a-acyloxyalkyl ethers include acetoxymethoxy and
2,2-dimethylpropionyloxy-methoxy. A selection of in vivo hydrolysable ester forming groups
for hydroxy include alkanoyl, benzoyl, phenylacetyl and suﬁétituted benzoyl and phenylacetyl,
alkoxycarbonyl (to give alkyl carbonate esters), dialkylcarbamoyl and
N-(dialkylaminoethyl)-N-alkylcarbamoyl (to give carbamates), dialkylaminoacetyl and
carboxyacetyl. Examples of substituents on benzoyl include morpholino and piperazino linked

from a ring nitrogen atom via a methylene group to the 3- or 4- position of the benzoyl ring.
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Some compounds of the formula (I) may have chiral centres and/or geometric isomeric

centres (E- and Z- 1somers), and it is to be understood that the invention encompasses all such
optical, diastereoisomers and geometric isomers that possess CDK inhibitory activity.

The invention relates to any and all tautomeric forms of the compounds of the formula
(I) that possess CDK inhibitory activity:.

It 15 also to be understood that certain compounds of the formula (I) can exist in
solvated as well as unsolvated forms such as, for example, hydrated forms. It is to be
understood that the invention encompasses all such solvated forms which possess CDK
inhibitory activity.

In another aspect of the invention, there 1s provided a compound of formula (I) (as
depicted above) wherein:

Ring A is imidazo[1,2a]pyrid-3-yl or pyrazolo[2,3a]pyrid-3-yl;

R is attached to a ring carbon and is selected from halo, nitro, cyano, hydroxy,
trifluoromethyl, trifluoromethoxy, amino, carboxy, carba;oyl, mercapto, sulphamoyl,
Ci-6alkyl, Cyealkenyl, Cygalkynyl, Cialkoxy, C,galkanoyl, C,galkanoyloxy,
N-(C,salkyl)amino, N,N-(C,_alkyl),amino, C;salkanoylamino, N-(C,alkyl)carbamoyl,
N,N-(C,¢alkyl);carbamoyl, C,.4alkylS(O), wherein a is 0 to 2, C,_salkoxycarbonyl,
N-(C,galkyl)sulphamoyl and N, N-(C,_¢alkyl),;sulphamoyl;

m is 0-5; wherein the values of R’ may be the same or different;

R’ is halo, nitrq, cyano, hydroxy, trifluoromethyl, trifluoromethoxy, amino, carboxy,
carbamoyl, mercapto, sulphamoyl, C,.ialkyl, C,.jalkenyl, C,.;alkynyl, C;.salkoxy,
Ci.3alkanoyl, N-(C,.zalkyl)amino, N,N-(C,.,alkyl),amino, C,.;alkanoylamino,
N-(Cy.salkyl)carbamoyl, N,N-(C,.;alkyl),carbamoyl, C,.;alkylS(O), wherein a 1s 0 to 2,
N-(C,.;alkyl)sulphamoyl or N,N-(C,.zalkyl),sulphamoyl;

n is O to 2, wherein the values of R' may be the same or different;

Ring B is phenyl or phenyl fused to a Cs_scycloalkyl ring;

R’ is halo, nitro, cyano, hydroxy, amino, carboxy, carban;pyl, mercapto, sulphamoyl,
C,salkenyl or C,_alkynyl;

p is 0-4; wherein the values of R?> may be the same or different;

R* is a group A-E-; wherein

A is optionally substituted on carbon by one or more D and is selected from C,_galkyl,

phenyl, a heterocyclic group, phenylC,.salkyl or (heterocyclic group)C,¢alkyl;
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E is a direct bond or -O-, -C(0O)-, -OC(O)-, -C(0)O-, -N(RH)C(0)-, -C(O)N(R%-,
-N(R®)-, -S(O),-, -SO;N(R?)- or -N(R")SO,-; wherein R” is hydrogen or C;¢alkyl optionally
substituted by one or more D and r is 0-2;

D 1s independently selected from oxo, halo, nitro, cyano, hydroxy, trifluoromethyl,
trifluoromethoxy, amino, carboxy, carbamoyl, mercapto, sulphamoyl, C;salkyl, C;alkenyl,
Casalkynyl, C,¢alkoxy, Cisalkanoyl, Cisalkanoyloxy, N-(C;salkyl)amino,
N,N-(C,.¢alkyl);amino, C,¢alkanoylamino, N-(C,_galkyl)carbamoyl,
N,N-(C;¢alkyl),carbamoyl, C;¢alkylS(O), wherein a 1s 0 to 2, Cygalkoxycarbonyl,
N-(C,.galkyl)sulphamoyl and N,N-(C,alkyl);sulphamoyl; and

q is 0-2; wherein the values of R* maybe the same or different; and wherein p+q<5;
or a pharmaceutically acceptable salt or an in vivo hydrolysable ester thereof.

Preferred values of R', Rz, R’ . R%, n, m, p, q, Ring A and Ring B are as follows. Such
values may be used where appropriate with any of the definitions, claims or embodiments
defined hereinbefore or hereinafter. -

In one aspéct of the invention preferably Ring A is imidazo[1,2a]pyrid-3-yl.

In another aspect of the invention preferably Ring A is pyrazolo[2,3a]pyrid-3-yl.

Preferably R? is attached to a ring carbon and 1s selected from halo, nitro, cyano,
hydroxy, trifluoromethyl, trifluoromethoxy, amino, carboxy, carbamoyl, sulphamoyl,
Ci.3alkyl, Cy.zalkenyl, Cy.3alkoxy, Ci.zalkanoyl, C,.3alkanoyloxy, N-(C;.;alkyl)amino,
N,N-(C,.;alkyl);amino, Cj_3alkanoylamino, N-(C,.3alkyl)carbamoyl,
N,N-(C,.palkyl);carbamoyl, C,.3alkylS(O), wherein a 1s 0 to 2, N-(C,salkyl)sulphamoyl and
N,N-(C,.3alkyl);sulphamoyl.

More preferably R” is attached to a ring carbon and is C;_salkyl.

Particularly R” is attached to a ring carbon and is methyl.

In another aspect of the invention, preferably R* is attached to a ring carbon and is
selected from halo, nitro, cyano, hydroxy, trifluoromethyl, trifluoromethoxy, amino, carboxy,
carbamoyl, mercapto, sulphamoyl, C,.3alkyl, C;.;alkenyl, C2-3a1k){nyl, C,-3alkoxy,

C, salkanoyl, Cy_salkanoyloxy, N-(Cy_salkyl)amino, N, N-(C; salkyl),amino,

C,.;alkanoylamino, N-(Ci_salkyl)carbamoyl, N,N-(C,.;alkyl),carbamoyl, C,.3alkylS(O),
wherein a 1s 0 to 2, C.jalkoxycarbonyl, N-(C;.3alkyl)sulphamoyl, N,N-(C,.3alkyl);sulphamoyl,
phenyl, heterocyclic group, phenylthio or (heterocyclic group)thio; wherein any C,_3alkyl,
Cs,.;alkenyl, C,.3alkynyl, phenyl or heterocyclic group may be optionally substituted on carbon
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by one or more G; and wherein if said heterocyclic group contains an -NH- moiety that
nitrogen may be optionally substituted by a group selected from Q.

In another aspect of the invention, more preferably R* is attached to a ring carbon and
1s selected from halo, cyano, Cysalkyl, Cisalkoxy, CisalkylS(O), wherein a is 0, phenyl,
phenylthio or (heterocyclic group)thio; wherein any C;.galkyl, phenyl or heterocyclic group
may be optionally substituted on carbon by one or more G; wherein G is selected from
hydroxy and dimethylamino.

In another aspect of the invention, particularly R* is attached to a ring carbon and is
selected from bromo, cyano, methyl, methoxy, ethylthio, 2-hydroxyethylthio,
2-dimethylaminoethylthio, phenyl, phenylthio or thien-2-ylthio.

In another aspect of the invention, more particularly R® is attached to a ring carbon and
1s selected from bromo, cyano, methyl, methoxy, ethylthio, 2-hydroxyethylthio or
2-dimethylaminoethylthio.

In another aspect of the invention, particularly prei’:erred R’ is attached to a ring carbon
and 1s selected from:2-hydroxyethylthio.

In a further aspect of the invention, preferably R? is attached to a ring carbon and is
selected from fluoro, chloro, bromo, cyano, methyl, methoxy, ethylthio, 2-hydroxyethylthio or
2-dimethylaminoethylthio.

Preferably m is 0-2; wherein the values of R? may be the same or different.

In one aspect of the invention preferably m 1s 0.

In another aspect of the invention preferably m is 1.

In a further aspect of the invention preferably m is 2; wherein the values of R’ may be
the same or different.

In a further aspect of the invention, preferably R is attached to a ring carbon and is
selected from fluoro, chloro, bromo, cyano, methyl, methoxy, ethylthio, 2-hydroxyethylthio or
2-dimethylaminoethylthiom and m is 0-2; wherein the values of R* may be the same or
different. |

Preferably R? is attached to a ring carbon and is selected ﬁom bromo, cyano, methyl,
methoxy, ethylthio, 2-hydroxyethylthio or 2-dimethylaminoethylthio and m is 0-2; wherein the
values of R* may be the same or different.

Preferably Ring A and (R?), together form imidazo[ 1,2a]pyrid-3-yl,
pyrazolo(2,3a}pyrd-3-yl, 2-methylimidazo[1,2a]pyrid-3-yl, 2-methylpyrazolo[2,3a]pyrid-3-yl
or 2,5-dimethylimidazo[1,2a]pyrid-3-yl.
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In another aspect of the invention preferably Ring A and (R?),, together form
imidazo[1,2a]pynd-3-yl, pyrazolo[2,3a]pyrid-3-yl, 2-methylimidazo[1,2a]pyrid-3-yl,
2-methylpyrazolo[2,3a)pyrid-3-yl, 2,5-dimethylimidazo[1,2a]pyrid-3-yl,
0-phenylimidazo[ 1,2a]pyrid-3-yl, 2-methyl-6-methoxyimidazo[1,2a]pyrid-3-yl,

5  S-bromoimidazo[1,2a]pyrid-3-yl, 5S-phenylthioimidazo[1,2a]pyrid-3-yl,
5-ethylthioimidazo[1,2a]pyrid-3-yl, 5-(2-hydroxyethylthio)imidazo[1,2a]pyrid-3-yl,
5-thien-2-ylthioimidazo[1,2a]pyrid-3-yl, S-cyanoimidazo[1,2a]pyrid-3-yl or
5-(2-dimethylaminoethylthio)imidazo[1,2a]pyrid-3-yl.

In another aspect of the invention more preferably Ring A and (R%), together form
10  1midazo[l,2a]pynd-3-yl or 5-(2-hydroxyethylthio)imidazo[1,2a]pyrid-3-yl.

Preferably n is 0 or 1 and where n is 1 preferably R' is attached to the S-position of the

pyrimidine ring. -

More preferably n 1s O.

Preferably R' is halo or C_alkylS(O), wherein a is 0; wherein the Cj.jalkyl group may
15  be optionally substituted on carbon by one or more J; wherein J is hydroxy.

More preferably R' is bromo or 2-hydroxyethylthio.

Particularly R' is bromo or 2-hydroxyethylthio and n 1s 0-1.

Preferably Ring B 1s phenyl or indanyl.

More preterably Ring B 1s phenyl or indan-5-yl.
20 Particularly Ring B 1s phenyl.

Preferably R” is halo or sulphamoyl.

More preferably R” is fluoro, chloro, bromo or sulphamoyl.

Particularly R’ is chloro or sulphamoyl.

More particularly R? is sulphamoyl.
25 Preferably p is 0-2; wherein the values of R’ may be the same or different.

In one aspect of the invention preferably p is O.

In another aspect of the invention preferably p 1s 1.

In a further aspect of the invention preferably p is 2;5\"Jvhei;:in the values of R’ may be

the same or different.

30 - Preferably R’ is fluoro, chloro, bromo or sulphamoyl; and p 1s 1.

In a further aspect of the invention when Ring B is phenyl and p is 1, preferably R” is
attached meta to the -NH- moiety of formula (I).
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Preferably R” is hydrogen.

Preferably E 1s -NHSO,-.

Preferably R* is a group A-E-; wherein

A 1s optionally substituted on carbon by one or more D and is selected from C;_salkyl,
phenyl, a heterocyclic group or phenylC; 4alkyl;

E is a direct bond or -O-, -C(O)-, -N(R*C(0O)-, -S(O),- or -N(R*)SO,-; wherein R? is
hydrogen, methyl or ethyl and r 1s 0-2;

D 1s oxo, cyano, hydroxy, amino, carboxy, carbamoyl, sulphamoyl, C;.salkyl,
C,.zalkenyl, Cs.3alkynyl, Ci.3alkoxy, Ci3alkanoyl, N-(C,_salkyl)amino, N,N-(C;.,alkyl),amino,
Ci-3alkanoylamino, N-(C,.ialkyl)carbamoyl, N,N-(C,.,alkyl),carbamoyl, C,.3alkylS(O),
wherein a 1s 0 to 2, N-(C,.3alkyl)sulphamoyl or N,N-(C,.salkyl),sulphamoyl.

More preferably R* is a group A-E-; wherein :

A 1s optionally substituted on carbon by one or more D and is selected from C;4alkyl,
phenyl, a heterocyclic group or phenylC,_4alkyl; )

E 1s a direct bond or -O-, -C(O)- or -S(O),~; wherein r is 0-2;

D 1s hydroxy or N,N-(C,.;alkyl);amino.

Particularly R* is methyl, ethyl, methoxy, methylthio, mesyl, acetyl,
3-N,N-dimethylamino-2-hydroxypropoxy, 2-N,N-diethylaminoethoxy, benzyloxy,
anilinosulphonyl, pyrimidin-2-ylaminosulphonyl, phenoxy, 3,5-dioxapiperidin-1-ylsulphonyl.

In another aspect of the invention, preferably R” is a group A-E-; wherein

A 1s selected from C,_galkyl, phenyl, a heterocyclic group, Cs.gcycloalkyl,
phenylC,salkyl, (heterocyclic group)Ci.salkyl or C;.gcycloalkylC, ¢cycloalkyl; which
Cisalkyl, phenyl, a heterocyclic group, C;.gcycloalkyl, phenylC; galkyl,

(heterocyclic group)C,.¢alkyl or CsgcycloalkylC, scycloalkyl may be optionally substituted on
carbon by one or more D; and wherein if said heterocyclic group contains an -NH- moiety that
nitrogen may be optionally substituted by a group selected from R;

E is a direct bond or -O-, -C(0)-, -N(R*)C(O)-, -S(O),- or TN(Ra)Soz-; wherein R® is
hydrogen or C,¢alkyl and r 1s 0-2; o

D 1s independently selected from hydroxy, amino, C;_alkoxy, N-(C;salkyl)amino,
N,N-(C;¢alkyl);amino, C;.¢alkoxycarbonylamino or benzyloxycarbonylamino; wherein any
Ci-6alkyl may be optionally substituted on carbon by one or more K;

K is selected from hydroxy or diethylamino; and



10

15

20

25

30

CA 02376293 2001-12-20
WO 01/14375 PCT/GB00/03139

- 12 -

R 1s Cy.4alkyl.

In another aspect of the invention, more preferably R* is a group A-E-; wherein

A 1s selected from methyl, ethyl, propyl, pentyl, phenyl, pyrimidyl,
3,5-dioxapiperidin-1-yl, cyclopropyl, benzyl, pyrrolidin-1-ylethyl, piperidin-1-ylethyl,
pyrrolidin-2-ylethyl, 3-(2-oxo-pyrrolidin-1-yl)propyl, 3-imidazol-1-ylpropyl,
2-morpholinoethyl, 3-morpholinopropyl, 2-imidazol-4-ylethyl, 2-piperazin-1-ylethyl,
3-piperazin-1-ylpropyl or cyclopropylmethyl; wherein A may be optionally substituted on
carbon by one or more D; and wherein pyrrolidin-2-yl, imidazol-4-yl or piperazin-1-yl may be
optionally substituted on nitrogen by a group selected from R;

E is a direct bond or -O-, -C(O)-, -N(R*)C(O)-, -S(O),- or -N(R*)SO,-; wherein R? is
hydrogen or methyl and r 1s 0-2;

D 1s independently selected from hydroxy, amino, methoxy, methylamino, ethylamino,
1sopropylamino, N,N-dimethylamino, N, N-diethylamino, t-butoxycarbonylamino or
benzyloxycarbonylamino; wherein any methyl, ethyl, iSOp:I:'Opyl or ¢-butyl may be optionally
substituted on carbon by one or more K;

K 1s selected from hydroxy or diethylamino; and

R 1s methyl.

In another aspect of the invention, particularly R is methyl, ethyl, methoxy,
methylthio, acetyl, benzyloxy, mesyl, N, N-diethylaminoethoxy,
3-N,N-dimethylamino-2-hydroxypropoxy, phenoxy, N-methylcarbamoy],
N,N-dimethylcarbamoyl, N-(3-imidazol-1-ylpropyl)carbamoyl,
N-[3-(2-oxo-pyrrolidin-1-yl)propyl]jcarbamoyl, 3,5-dioxapiperidin-1-ylsulphonyl,
N-cyclopropylsulphamoyl, N-cyclopropylmethylsulphamoyl, anilinosulphonyl,
N-pyrimidin-2-ylsulphamoyl, N-methylsulphamoyl, N-propylsulphamoy],
N-(2-methoxyethyl)sulphamoyl, N-(2-methylaminoethyl)sulphamoyl,
N-(2-1sopropylaminoethyl)sulphamoyl, N-(2-dimethylaminoethyl)sulphamoyl,
N-(2-diethylaminoethyl)sulphamoyl, N-[2-(hydroxyethylamino)eQ1yl] sulphamoyl,
N-[2-(diethylaminoethyl)ethyl]sulphamoyl, N-(pyrrolidin-1 -gftleth;l)sulphmnoyl,
N-[2-(1-methylpyrrolidin-2-yl)ethyl}sulphamoyl, N-(2-piperidin-1-ylethyl)sulphamoyil,
N-(2-piperazin-1-ylethyl)sulphamoyl, N-(2-morpholinoethyl)sulphamoyl,
N-(2-1midazol-4-ylethyl)sulphamoyl, N-(3-hydroxypropyl)sulphamoyl,
N-(2,3-dihydroxypropyl)sulphamoyl, N-(3-methoxypropyl)sulphamoyl,
N-(3-aminopropyl)sulphamoyl, N-(3-methylaminopropyl)sulphamoyl,
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N-(3-dimethylaminopropyl)sulphamoyl, N-(3-diethylaminopropyl)sulphamoyl,
N-(3-1sopropylaminopropyl)sulphamoyl, N-(3-z-butoxycarbonylaminopropyl)sulphamoyl,
N-(3-benzyloxycarbonylaminopropyl)sulphamoyl,
N-[3-(2-oxopyrrolidin-1-yl)propyl]sulphamoyl, N-(3-morpholinopropyl)sulphamoyl,
N-[3-(4-methylpiperazin-1-yl)propyl]sulphamoyl, N-(3-imidazol-1-ylpropyl)sulphamoyl or
N-(5-hydroxypentyl)sulphamoyl.

In another aspect of the invention, more particularly R* is N-methylsulphamoyl,
N-(2-methoxyethyl)sulphamoyl, N-(2-methylaminoethyl)sulphamoyl,
N—(2-dimethylaminoethyl)sulphamoyl, N-(3-methoxypropyl)sulphamoyl,
N-(3-dimethylaminopropyl)sulphamoyl or N-(3-1sopropylaminopropyl)sulphamoyil.

Preferably R* is methyl, ethyl, methoxy, methylthio, acetyl, benzyloxy, mesyl,

N, N-diethylaminoethoxy, 3-N, N-dimethylamino-2-hydroxypropoxy, phenoxy,
N-methylcarbamoyl, N,N-dimethylcarbamoyl, N-(3-1midazol-1-ylpropyl)carbamoyl,
N—t3 -(2-oxo-pyrrolidin-1-yl)propyl]carbamoyl, 3,5 -dioxaf):ip eridin-1-ylsulphonyl,
N-cyclopropylsulphamoyl, N-cyclopropylmethylsulphamoyl, anilinosulphonyil,
N-pyrimidin-2-ylsulphamoyl, N-methylsulphamoyl, N-propylsulphamoyl,
N-(2-methoxyethyl)sulphamoyl, N-(2-methylaminoethyl)sulphamoyl,
N-(2-1sopropylaminoethyl)sulphamoyl, N-(2-dimethylaminoethyl)sulphamoyl,
N-(2-diethylaminoethyl)sulphamoyl, N-[2-(hydroxyethylamino)ethyl]sulphamoyl,
N-[2-(diethylaminoethyl)ethyl]sulphamoyl, N-(pyrrolidin-1-ylethyl)sulphamoyl,
N-[2-(1-methylpyrrolidin-2-yl)ethyl]sulphamoyl, N-(2-pipendin-1-ylethyl)sulphamoyl,
N-(2-piperazin-1-ylethyl)sulphamoyl, N-(2-morpholinoethyl)sulphamoyl,
N-(2-imidazol-4-ylethyl)sulphamoyl, N-(3-hydroxypropyl)sulphamoyl,
N-(2,3-dihydroxypropyl)sulphamoyl, N-(3-methoxypropyl)sulphamoyl,
N-(3-aminopropyl)sulphamoyl, N-(3-methylaminopropyl)sulphamoyl,
N-(3-dimethylaminopropyl)sulphamoyl, N-(3-diethylaminopropyl)sulphamoyl,
N-(3-1sopropylaminopropyl)sulphamoyl, N-(3-t-butoxycarbonylaminopropyl)sulphamoyl,
N-(3-benzyloxycarbonylaminopropyl)sulphamoyl, s
N-[3-(2-oxopyrrolidin-1-yl)propyljsulphamoyl, N-(3-morpholinopropyl)sulphamoyl,
N-[3-(4-methylpiperazin-1-yl)propyl]|sulphamoyl, N-(3-imidazol-1-ylpropyl)sulphamoyl or
N-(5-hydroxypentyl)sulphamoyl; and q is 1.

Preferably q 1s 0-1.
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In one aspect of the invention q 1s O.

In another aspect of the invention q 1s 1.

In a further aspect of the invention when Ring B is phenyl and q is 1, preferably R* is

attached para to the -NH- moiety of formula (I).

Preferably Ring B, (R’ )p (R“)q and together form phenyl, 2-fluorophenyl,
3-fluorophenyl, 4-fluorophenyl, 2-chlorophenyl, 3-chlorophenyl, 4-chlorophenyl,
3-bromophenyl, 3-methylphenyl, 4-methylphenyl, 3-ethylphenyl, 3-methoxyphenyl,
4-methoxyphenyl, 3-methylthiophenyl, 4-methylthiophenyl, 4-mesylphenyl,
3-sulphamoylphenyl, 4-sulphamoylphenyl, 3-acetylphenyl, 3,4-dichlorophenyl,
3-chloro-4-fluorophenyl, 2-chloro-4-methylphenyl,
4-(3-N,N-dimethylamino-2-hydroxypropoxy)phenyl, 4-benzyloxyphenyl,
4-anilinosulphonylphenyl, 4-(pyrimidin-2-ylsulphonyl)phenyl,
4-phenoxyphenyl, 4-(2-N, N-diethylaminoethoxy)phenyl,
4-(3,5-dioxapiperidin-1-ylsulphonyl)phenyl or indanyl.

In another-aspect of the invention, more preferably Ring B, (RB)p (R"‘)q and together
form phenyl, 2-chlorophenyl, 2-fluorophenyl, 3-fluorophenyl, 3-chlorophenyl,
3-bromophenyl, 3-methylphenyl, 3-methoxyphenyl, 3-methylthiophenyl, 3-acetylphenyl,
3-ethylphenyl, 3-sulphamoylphenyl, 4-fluorophenyl, 4-chlorophenyl, 4-methylphenyl,
4-methoxyphenyl, 4-sulphamoylphenyl, 3-methyl 4-sulphamoylphenyl,
4-(N-methylcarbamoyl)phenyl, 4-(N, N-dimethylcarbamoyl)phenyl, 4-methylthiophenyl,
4-mesylphenyl, 4-(N-methylsulphamoyl)phenyl, 4-(N-propylsulphamoyl)phenyl,
3-chloro-4-(N-propylsulphamoyl)phenyl, 4-(N, N-diethylaminoethoxy)phenyl,
4-benzyloxyphenyl, 4-phenoxyphenyl, 4-(N-cyclopropylsulphamoyl)phenyl,
4-(N-cyclopropylmethylsulphamoyl)phenyl, 4-(3,5-dioxapipendin-1-ylsulphonyl)phenyl,
4-anilinosulphonylphenyl, 4-(N-pyrimidin-2-ylsulphamoyl)phenyl,
4-[N-(2-methoxyethyl)sulphamoyl]phenyl,
3-chloro-4-[ N-(2-methoxyethyl)sulphamoyl]phenyl,
3-methyl-4-[ N-(2-methoxyethyl)sulphamoyl |phenyl,
4-[N-(3-diethylaminopropyl)sulphamoyl]phenyl,
4-{N-[2-(1-methylpyrrolidin-2-yl)ethyl]sulphamoyl]} phenyl, 3-chloro-4-fluorophenyl,
3,4-dichlorophenyl, 2-chloro-4-methylphenyl,

4-(3 JV', N-dimethylamino-2-hydroxypropoxy)phenyl,
4-[ N-(3-hydroxypropyl)sulphamoyl]phenyl,
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4-{N-[3-(2-oxopyrrolidin-1-yl)propyl]sulphamoyl } phenyl,
4-[ N-(5-hydroxypentyl)sulphamoyl]phenyl, 4-[N-(3-methoxypropyl)sulphamoyl]phenyl,
indan-5-ylamino, 4-[ N-(3-1sopropylaminopropyl)sulphamoyl]phenyl,
4-[ N-(2-1sopropylaminoethyl)sulphamoyl]phenyl,
4-[N-(3-imidazol-1-ylpropyl)sulphamoyljphenyl,
4-[ N-(3-dimethylaminopropyl)sulphamoyl]phenyl,
4-[ N-(3-morpholinopropyl)sulphamoyl]phenyl,
3-methyl-4-[ N-(3-morpholinopropyl)sulphamoyl]phenyl,
4-[ N-(3-aminopropyl)sulphamoyl]phenyl,
4-{N-[2-(hydroxyethylamino)ethyl|sulphamoyl}phenyl,
4-[ N-(2-1imidazol-4-ylethyl)sulphamoyl]phenyl,
4-I N-(3-methylaminopropyl)sulphamoyl]phenyl,
4-[ N-(2-piperazin-1-ylethyl)sulphamoyl]phenyl,
4-[ N-[3-(4-methylpiperazin-1-yl)propyl]sulphamoyl]phenyl,
4-IN-(2,3-dihydroxypropyl)sulphamoyl|phenyl,
4-[ N-(3-1imidazol-1-ylpropyl)carbamoyl]phenyl,
4-[ N-[2-(diethylaminoethyl)ethyl]sulphamoyl]phenyl,
4-[ N-[3-(2-oxo-pyrrolidin-1-yl)propyl]carbamoyl}phenyl,
4-[ N-(2-dimethylaminoethyl)sulphamoyl]phenyl,
4-[ N-(2-morpholinoethyl)sulphamoyl]phenyl,
3-methyl-4-[ N-(2-morpholinoethyl)sulphamoyl]phenyl,

4-[ N-(pyrrolidin-1-ylethyl)sulphamoyl]phenyl, 4-[ N-(2-methylaminoethyl)sulphamoyl]phenyl,

25

30

4-[ N-(2-pipenidin-1-ylethyl)sulphamoyl]phenyl,
4-| N-(2-diethylaminoethyl)sulphamoyl |phenyl,
4-[ N-(3-t-butoxycarbonylaminopropyl)sulphamoyl]phenyl,
4-[ N-(3-benzyloxycarbonylaminopropyl)sulphamoyl]phenyl or
4-I N-(3-diethylaminopropyl)sulphamoyl]phenyl. N
In another aspect of the invention, particularly Ring B, (R3 ) (R4)q and together form
4-sulphamoylphenyl, 4-(N-methylsulphamoyl)phenyl,
4-[ N-(2-methoxyethyl)sulphamoyl]phenyl, 4-[ N-(3-methoxypropyl)sulphamoyljphenyl,
4-[ N-(3-1sopropylaminopropyl)sulphamoyl]phenyl,
4-[ N-(3-dimethylaminopropyl)sulphamoyl|phenyl,
4-[ N-(2-dimethylaminoethyl)sulphamoyl]phenyl or
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4-[ N-(2-methylaminoethyl)sulphamoyl]phenyl

Therefore 1n one aspect of the invention, there is provided a compound of formula (I)
as depicted above wherein:

Ring A 1s imidazo[1,2a]pyrid-3-yl or pyrazolo[2,3a]pyrid-3-ylI;

R’ is attached to a ring carbon and is selected from halo, nitro, cyano, hydroxy,
trifluoromethyl, trifluoromethoxy, amino, carboxy, carbamoyl, sulphamoyl, C;.zalkyl,
Cz-;;alkenyl, Ci.3alkoxy, Ci.zalkanoyl, C,.3alkanoyloxy, N-(C,_3alkyl)amino,
N,N-(C,;alkyl),amino, C,_zalkanoylamino, N-(C,_jalkyl)carbamoyl,
N,N-(C,.2alkyl);carbamoyl, Cy.3alkylS(O), wherein a is 0 to 2, N-(C;.zalkyl)sulphamoyl and
N,N-(C;.3alkyl),;sulphamoyl;

m is 0-2; wherein the values of R* may be the same or different;

nis O;

Ring B is phenyl or indanyil;

R’ is halo or sulphamoyl;

R* is a group A-E-; wherein

A 1s optionally substituted on carbon by one or more D and is selected from Ci4alkyl,
phenyl, a heterocyclic group or phenylC, 4alkyl;

E is a direct bond or -O-, -C(O)-, -N(R*)C(0)-, -S(O),- or -N(R*SO,-; wherein R? is
hydrogen, methyl or ethyl and r is 0-2;

p is 0-2; wherein the values of R may be the same or different;

D 1s oxo, cyano, hydroxy, amino, carboxy, carbamoyl, sulphamoyl, C;_zalkyl,
Caialkenyl, Cy3alkynyl, Cy.3alkoxy, Ci-zalkanoyl, N-(C,.salkyl)amino, N,N-(C;.alkyl),amino,
Ci.3alkanoylamino, N-(C.alkyl)carbamoyl, N,N-(C,.;alkyl),carbamoyl, C;_alkylS(O),
wherein a 1s 0 to 2, N-(C,.zalkyl)sulphamoyl or N,N-(C_salkyl);sulphamoyl;

q is 0-1; wherein the values of R* may be the same or different;
or a pharmaceutically acceptable salt or an in vivo hydrolysable ester thereof.

Therefore 1n a further aspect of the invention, there is provided a compound of formula
(I) as depicted above wherein: -

Ring A 1s imidazo[1,2a]pyrid-3-yl or pyrazolo[2,3a]pyrid-3-yl;

R? is attached to a ring carbon and 1s Cy.3alkyl;

m is 0-2; wherein the values of R* may be the same or different;

nis 0;
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Ring B 1s phenyl or indan-5-yl;
R’ is fluoro, chloro, bromo or sulphamoyl;
p 1s 0-2; wherein the values of R’ may be the same or different;
R%is methyl, ethyl, methoxy, methylthio, mesyl, acetyl,
3-N, N-dimethylamino-2-hydroxypropoxy, 2-N,N-diethylaminoethoxy, benzyloxy,
anilinosulphonyl, pyrimidin-2-ylaminosulphonyl, phenoxy, 3,5-dioxapiperidin-1-ylsulphonyl.
q is 0-1; wherein the values of R* may be the same or different;
or a pharmaceutically acceptable salt or an in vivo hydrolysable ester thereof.

Therefore 1n an additional aspect of the invention, there 1s provided a compound of

formula (I) as depicted above wherein:

Ring A and (R, together form imidazo[ 1,2a]pyrid-3-yl, pyrazolo[2,3a]pynd-3-yl,
2-methylimidazo[ 1,2a]pyrid-3-yl, 2-methylpyrazolo[2,3a]pyrid-3-yl or
2,5-dimethylimidazo[1,2a]pynd-3-yl;

nis O;

Ring B, (R-f")l; and (R4)q together form phenyl, 2-fluorophenyl, 3-fluorophenyl,
4-fluorophenyl, 2-chlorophenyl, 3-chlorophenyl, 4-chlorophenyl, 3-bromophenyi,
3-methylphenyl, 4-methylphenyl, 3-ethylphenyl, 3-methoxyphenyl, 4-methoxyphenyl,
3-methylthiophenyl, 4-methylthiophenyl, 4-mesylphenyl, 3-sulphamoylphenyl,
4-sulphamoylphenyl, 3-acetylphenyl, 3,4-dichlorophenyl, 3-chloro-4-fluorophenyl,
2-chloro-4-methylphenyl, 4-(3-N,N-dimethylamino-2-hydroxypropoxy)phenyl,
4-benzyloxyphenyl,
4-anilinosulphonylphenyl, 4-(pyrimidin-2-ylsulphonyl)phenyl, 4-phenoxyphenyl,
4-(2-N,N-diethylaminoethoxy)phenyl, 4-(3,5-dioxapipenidin-1-ylsulphonyl)phenyl or indanyl;
or a pharmaceutically acceptable salt or an in vivo hydrolysable ester thereof.

Therefore in a further additional aspect of the invention, there 1s provided a compound
of formula (I) as depicted above wherein:

Ring A is imidazo[1,2a]pyrnd-3-yl or pyrazolo[2,3a]pyrid:§ -yl;

R! is halo or C,.3alkylS(O), wherein a is 0; wherein the C-{i :.3a1ky1 group may be
optionally substituted on carbon by one or more J; wherein J 1s hydroxy.

nis 0-1;

R’ is attached to a ring carbon and 1s selected from halo, cyano, C;alkyl, C,salkoxy,

C,.6alkylS(O). wherein a is 0, phenyl, phenylthio or (heterocyclic group)thio; wherein any
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Calkyl, phenyl or heterocyclic group may be optionally substituted on carbon by one or
more G; wherein G 1s selected from hydroxy and dimethylamino.

m is 0-2; wherein the values of R* may be the same or different:

Ring B is phenyl or indan-5-yl;

R is fluoro, chloro, bromo or sulphamoyl,;

p 1s 0-1;

R* is a group A-E-; wherein

A 1s selected from C,_g¢alkyl, phenyl, a heterocyclic group, Cs.gcycloalkyl,
phenylC,_galkyl, (heterocyclic group)C,.salkyl or Cs.gcycloalkylC,_scycloalkyl; which
C-salkyl, phenyl, a heterocyclic group, Cs.gcycloalkyl, phenylC, galkyl,
(heterocyclic group)Ci.salkyl or CsgcycloalkylC,gcycloalkyl may be optionally substituted on

“carbon by one or more D; and wherein if said heterocyclic group contains an -NH- moiety that

nitrogen may be optionally substituted by a group selected. from R;

E is a direct bond or -O-, -C(O)-, -N(R*)C(O)-, -S(B)r- or -N(R*)SO,-; wherein R’ is
hydrogen or Cj¢alkyl and r 1s 0-2;

D 1s independently selected from hydroxy, amino, C,.galkoxy, N-(C;galkyl)amino,
N,N-(C,.¢alkyl),amino, C,.galkoxycarbonylamino or benzyloxycarbonylamino; wherein any
C,.salkyl may be optionally substituted on carbon by one or more K;

K 1s selected from hydroxy or diethylamino; and

R 1s Ci4alkyl; and

q1s 0-1;
or a pharmaceutically acceptable salt or an in vivo hydrolysable ester thereof.

Therefore in a another additional aspect of the in\}ention, there 1s provided a
compound of formula (I) as depicted above wherein:

Ring A 1s imidazo[1,2a]pynd-3-yl;

niso;

Ring B 1s phenyl;

R’ is sulphamoyl;

p1s 0-1;

R* is N-methylsulphamoyl, N-(2-methoxyethyl)sulphamoyl,
N-(2-methylaminoethyl)sulphamoyl, N-(2-dimethylaminoethyl)sulphamoyl,
N-(3-methoxypropyl)sulphamoyl, N-(3-dimethylaminopropyl)sulphamoyl or
N-(3-1sopropylaminopropyl)sulphamoyl; and
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q1s 0-1;
or a pharmaceutically acceptable salt or an in vivo hydrolysable ester thereof.

In another aspect of the invention, preferred compounds of the invention are any one
of Examples 1-38 or a pharmaceutically acceptable salt or an in vivo hydrolysable ester
thereof.

In another aspect of the invention, preferred compounds of the invention are any one
of Examples 1-98 or a pharmaceutically acceptable salt or an in vivo hydrolysable ester
thereof.

In a further aspect of the invention, preferred compounds of the invention are
Examples 7, 39, 40, 52, 53, 55, 65, 68 and 86 or a pharmaceutically acceptable salt or an in
vivo hydrolysable ester thereof.

Preferred aspects of the invention are those which relate to thé compound of formula
(I) or a pharmaceutically acceptable salt thereof.

Another aspect of the present invention provides a process for preparing a compound
of formula (I) or a‘pharmaceutically acceptable salt or an in vivo hydrolysable ester thereof
which process (wherein R', R%, R®, R*, Ring A, Ring B, m, p, q and n are, unless otherwise
specified, as defined in formula (I)) comprises of:

a) reaction of a pyrimidine of formula (II):

N I
N
ey 1
_~N
(R?) -
(1I)

wherein L 1s a displaceable group; with an amine of formula (III):

H,N

(R%),

(LII)
b) reacting a pyrimidine of formula (IV):
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H
N. _N
\\I/ :
(RY), X e (R°),
e
R,
M
(IV)

with a compound of the formula (V):

(R*)5

(V)

wherein one of M and Q 1s a displaceable group X and the other 1s arr metallic reagent Y; or

c) reacting a compounds of formula (VI):

H
HN N
2 (RY),

(VI)
with a compound of formula (VII):

(V1)

wherein R is Cy¢alkyl and R® is hydrogen or R';

and thereafter if necessary:

1) converting a compound of the formula (I) into another compound of the formula (I);
11) removing any protecting groups;

iii) forming a pharmaceutically acceptable salt or in vivo hydrolysable ester.
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L 1s a displaceable group, suitable values for L are for example, a halogeno or
sulphonyloxy group, for example a chloro, bromo, methanesulphonyloxy or toluene-
4-sulphonyloxy group.

A suitable displaceable group X 1s, for example, a halogeno or sulphonyl group, for
example a bromo, 10do or trifluoromethylsulphonyl group.

A suitable metallic group Y, 1s, for example, copper, lithium, an organoboron reagent
such as -B(OH),, -B(OPr'); or -B(Et),, or an organotin compound such as SnBus, an
organosilicon compound such as Si(Me)F,, an organozirconium compound such as ZrCls, an
organoaluminium compound such as AlEt,, an organomagnesium compound such as MgBr,
an organozinc compound such as ZnCl or an organomercury compound such as HgBr.
Specific reaction conditions for the above reactions are as follows.

a) Pyrimidines of formula (IT) and amines of formula (IIT) may be reacted together:

1) 1n the presence of a suitable solvent for example a ketone such as acetone or an alcohol such
as ethanol or butanol or an aromatic hydrocarbon such as toluene or N-methyl pyrrolidine,
optionally 1n the presence of a suitable acid for example an inorganic acid such as
hydrochloric acid or sulphuric acid, or an organic acid such as acetic acid or formic acid (or a
suitable Lewis acid) and at a temperature in the range of 0°C to reflux, preferably reflux; or
11) under standard Buchwald conditions (for example see J. Am. Chem. Soc., 118, 7215; J. Am.
Chem. Soc., 119, 8451; J. Org. Chem., 62, 1568 and 6066) for example in the presence of
palladium acetate, 1n a suitable solvent for example an aromatic solvent such as toluene,
benzene or xylene, with a suitable base for example an inorganic base such as caesium
carbonate or an organic base such as potassium-t-butoxide, in the presence of a suitable ligand
such as 2,2'-bis(diphenylphosphino)-1,1'-binaphthyl and at a temperature in the range of 25 to
80°C.

Pyrimidines of the formula (II) may be prepared according to SCHEME I

N L
Y C li diti
1 ross coupling conditions

V) -+
M
(11a)
SCHEME I
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wherein one of M and Q 1s a displaceable group X as defined above and the other is an

metallic reagent Y as defined above.

Cross coupling conditions are well known in the art. Suitable conditions include, for
example, those described under b) below.

Where Ring A 1s imidazo[1,2a]pyrid-3-yl compounds of the formula (II) may also be
prepared according to SCHEME II

K is a suitable leaving group (for example C;alkanoyloxy), R° is as defined above, y
is 0-4, R’ is hydrogen or R*; Q is a suitable leaving group (for example C;.¢alkoxy) and R’ is
as defined above.

Where Ring A 1s pyrazolo[2,3a]pyrid-3-yl compounds of the formula (IT) may also be
prepared according to SCHEME III
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R6
O
O O
N 72
2 6 H,O —
(R )y_@l+ + R\/lULR7 2 P (Rz)m \ N /
¢ NH, A N
Ih . (1))
(I1h) (Ii)
I
RS
it e
l) HN NH, NaOMe A R5
BuOH, A
11) Mel
OR
SMe
,k NaOMe
HN" “NH
BuOH, A
SCHEME LI

wherein R>, R® and R’ are as defined above.

Compounds of formula (IIf) or (IIk) may be further modified to produce compounds
of formula (IIn):

;f? Ny_-OH
HN® “NH (RY).. R \l/
2 - N i

NaOMe standard conditions _~N
(11f)

BuOH,
Ik (R2
(1IKk) A ) - ®).

(IIm)

(IIm)
SCHEME IV

It will be appreciated by those skilled in the art that compounds of formula (IIn) may
be additionally modified by standard functional group modification reactions known in the art
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to produce compounds of formula (II) where L 1s other leaving groups for example chloro,

bromo, tosyl and mesyl.

Compounds of formula (IIa), (IIb), (IIc), (IId), (ITh), (IIi) and (III) are commercially
available compounds, or they are known in the literature, or they are prepared by standard
processes known 1n the art.

b) Compounds of formula (IV) and compounds of formula (V) may be reacted together
under standard cross coupling conditions. Examples of these are in the presence of a catalyst,
for example, a metallic catalyst such as tetrakis(triphenylphosphine)palladium(0),
palladium(II) chlonde, palladium(II) bromide, nickel(II) chloride, nickel(II) bromide or
bis(triphenylphosphine)nickel(II) chloride, in the presence of a suitable inert solvent or
diluent, for example tetrahydrofuran, 1,4-dioxan, 1,2-dimethoxyethane, benzene, toluene,
xylene, methanol or ethanol. The reaction is preferably conducted in the presence of a suitable
base such as, for example, sodium carbonate or potassiurﬁ‘carbonate, pyndine,
4-dimethylaminopyridine, triethylamine or morpholine, and conveniently at a temperature in
the range, for example 10 to 250°C, preferably in the range 60 to 120°C.

Compounds of formula (IV) may be prepared according to SCHEME V

Conditions as process a)

(Ila) +  (JID (IV)

SCHEME V
Compounds of formula (V) are commercially available compounds, or they are known
in the literature, or they are prepared by standard processes known in the art.
c) compounds of formula (VI) and compounds of formula (VII) are reacted togetherin a

suitable solvent such as N-methylpyrrolidinone or butanol at a temperature in the range of

100-200°C, preferably in the range of 150-170°C. The reaction is preferably conducted in the
presence of a suitable base such as, for example, sodium methoxide or potassium carbonate.

Compounds of formula (VI) and (VII) are commercially available compounds, or they
are known in the literature, or they are prepared by standard processes known in the art, or
compounds of formula (VII) may be prepared by a process similar to that described for (IIf)
and (IIk) hereinabove.

It will be appreciated that certain of the various ring substituents in the compounds of
the present invention may be introduced by standard aromatic substitution reactions or

generated by conventional functional group modifications either prior to or immediately
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following the processes mentioned above, and as such are included 1n the process aspect of the

invention. Such reactions and modifications include, for example, introduction of a
substituent by means of an aromatic substitution reaction, reduction of substituents, alkylation
of substituents and oxidation of substituents. The reagents and reaction conditions for such
procedures are well known in the chemical art. Particular examples of aromatic substitution
reactions include the introduction of a nitro group using concentrated nitric acid, the
introduction of an acyl group using, for example, an acyl halide and Lewis acid (such as
aluminium trichloride) under Friedel Crafts conditions; the introduction of an alkyl group
using an alkyl halide and Lewis acid (such as aluminium trichloride) under Friedel Crafts
conditions; and the introduction of a halogeno group. Particular examples of modifications
include the reduction of a nitro group to an amino group by for example, catalytic
hydrogenation with a nickel catalyst or treatment with irop in the presence of hydrochloric
acid with heating; oxidation of alkylthio to alkylsulphinyl;or alkylsulphonyl.

It will also be appreciated that in some of the reactions mentioned herein 1t may be
necessary/desirable to protect any sensitive groups in the compounds. The instances where
protection is necessary or desirable and suitable methods for protection are known to those
skilled in the art. Conventional protecting groups may be used in accordance with standard
practice (for illustration see T.W. Green, Protective Groups in Organic Synthesis, John Wiley
and Sons, 1991). Thus, if reactants include groups such as amino, carboxy or hydroxy it may
be desirable to protect the group in some of the reactions mentioned herein.

A suitable protecting group for an amino or alkylamino group 1s, for example, an acyl
group, for example an alkanoyl group such as acetyl, an alkoxycarbonyl group, for example a
methoxycarbonyl, ethoxycarbonyl or #-butoxycarbonyl group, an arylmethoxycarbonyl group,
for example benzyloxycarbonyl, or an aroyl group, for example benzoyl. The deprotection
conditions for the above protecting grdups necessarily vary with the choice of protecting
group. Thus, for example, an acyl group such as an alkanoyl or alkoxycarbonyl group or an
aroyl group may be removed for example, by hydrolysis with a stitable base such as an alkali
metal hydroxide, f<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>